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Abstract 

Background  The prevalence of liver fibrosis among diabetic patients is increasing rapidly. Our study aims at explor-
ing the relationship between antidepressant use and liver fibrosis in diabetic patients.

Methods  We conducted this cross-sectional study through the cycle of National Health and Nutrition Examina-
tion Survey (NHANES) 2017–2018. The study population were consisted of patients with type 2 diabetes and reliable 
vibration-controlled transient elastography (VCTE) results. The presence of liver fibrosis and steatosis were assessed 
by the median values of liver stiffness measurement (LSM) and controlled attenuation parameter (CAP), respectively. 
Antidepressants included selective serotonin reuptake inhibitors (SSRIs), tricyclic antidepressants (TCAs), serotonin 
and norepinephrine reuptake inhibitors (SNRIs) and serotonin antagonists and reuptake inhibitors (SARIs). Patients 
with evidence of viral hepatitis and significant alcohol consumption were excluded. Logistic regression analysis was 
performed to evaluate the association between antidepressant use and both steatosis and significant (≥ F3) liver 
fibrosis after adjustment for potential confounders.

Results  Our study population consisted of 340 women and 414 men, of whom 87 women(61.3%) and 55(38.7%) 
men received antidepressants. The most commonly used antidepressants were SSNIs(48.6%), SNRIs(22.5%) and 
TCAs(12.7%), followed by SARIs(10.6%) and other antidepressants(5.6%). 165 participants had significant liver fibro-
sis by VCTE, with a weighted overall prevalence of 24%(95% CI 19.2–29.5). In addition, 510 patients had evidence of 
hepatic steatosis by VCTE with a weighted overall prevalence of 75.4%(95% CI 69.2–80.7). After adjusting confounders, 
no significant association was observed between antidepressant use and significant liver fibrosis or cirrhosis.

Conclusions  In conclusion, in this cross-sectional study, we found that antidepressant drugs was not associated with 
liver fibrosis and cirrhosis in patients with type 2 diabetes in a nationwide population.
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Introduction
The global prevalence and incidence of diabetes and men-
tal health problems are increasing rapidly, especially the 
high risk of depression symptoms for diabetic patients 
compared to those without diabetes [1, 2]. Comorbid 
diabetes and depression are associated with increased 
mortality, such as cardiovascular or kidney disease [3, 
4]. Moreover, the coexistence of diabetes and depression 
has a greater impact on depression when combined with 
other diseases [2]. On the other hand, non-alcoholic fatty 
liver disease (NAFLD) is very common among diabetic 
patients. It was reported that 60–70% of patients with 
type 2 diabetes(T2DM) have non-alcoholic fatty liver dis-
ease (NAFLD), and nearly 15% have evidence of advanced 
liver fibrosis [5, 6]. In addition, a study of a nationally 
representative sample of US adults showed that depres-
sion was independently associated with the occurrence 
of NAFLD [7]. Therefore, patients with T2DM are at a 
high risk of combinational NAFLD or liver fibrosis and 
depression, and the complex interplay of those diseases is 
not fully understood.

Depression disorders among patients with T2DM could 
be effectively treated by antidepressants, as has been 
reported in some studies [2, 8]. However, some recent 
studies have shown that antidepressant use might be a 
risk factor for the new onset of T2DM, especially tricyclic 
antidepressant use [9, 10]. Moreover, an increasing lin-
ear relationship between the duration of antidepressant 
use and T2DM risk was observed in a recent meta-anal-
ysis [9].In addition, NAFLD is common in T2DM, and 
patients with T2DM suffer from an increased risk of liver 
mortality. In patients with viral hepatitis, antidepressants 
were considered to play a protective role in liver fibrosis 
progression and reduce the risk of developing cirrhosis 
[11, 12].Considering the increased prevalence of depres-
sion disorders, antidepressant use and NAFLD among 
T2DM patients, understanding the relationship between 
antidepressant use and liver fibrosis in patients with type 
2 diabetes is critical.

In fact, few studies focused on the relationship between 
antidepressant use and liver fibrosis in patients with 
T2DM. In our study, we extracted data from an unse-
lected sample of adults with T2DM from the 2017–2018 
cycle of the National Health and Nutrition Examination 
Survey (NHANES) to examine the association between 
antidepressant use and liver fibrosis.

Materials and methods
Study population
This study was conducted on the basis of the National 
Health and Nutrition Examination Survey (NHANES) 
2017–2018. The NHANES is conducted in the United 
States by the National Center for Health Statistics 

(NCHS) of the Centers for Disease Control and Pre-
vention (CDC). All the data in the NHANES were col-
lected by unified trained professional personnel through 
household interviews or an examination conducted in a 
mobile examination center. The survey consists of cross-
sectional interviews, examinations and laboratory data 
collected from a complex multistage, stratified, clustered 
probability sample representative of the US population. 
The Institutional Review Board of the CDC approved the 
survey protocol. All participants provided informed con-
sent. We were exempt from IRB approval from our insti-
tution as the dataset used in the analysis was completely 
deidentified. The participants were adults aged 18  years 
or older with type 2 diabetes in 2017–2018. In our anal-
ysis, the exclusion criteria were as follows: (1) partici-
pants with positive serum hepatitis B surface antigen or 
positive serum hepatitis C antibody; (2) participants 
with significant alcohol consumption(≥ 20 g/day for men 
and ≥ 10 g/day for women); (3) participants without com-
plete vibration controlled transient elastography(VCTE); 
and (4) participants with possible type 1 diabetes(defined 
as a diagnosis at age < 30 years and the use of insulin as 
the only anti-diabetic therapy) [13].

Clinical and laboratory variables
A series of potential confounders in the association of 
antidepressant use and liver fibrosis were extracted from 
the NHANES database, including demographic, clini-
cal and laboratory data. Demographic variables included 
age, sex, ethnicity(Hispanic, non-Hispanic white, non-
Hispanic black, or other races), the ratio of family income 
to poverty threshold, smoking habits and alcohol hab-
its. Body measurements such as body mass index (BMI) 
and blood pressure were included. Past medical history, 
including ever diagnosis and treatment of coronary heart 
disease, stroke and hypertension was also included. The 
diagnosis of diabetes was based on any of the following 
criteria: (1) A self-reported diagnosis of diabetes. (2) use 
of anti-diabetic drugs. (3) a hemoglobin A1c (HbA1c) 
level ≥ 6.5% (48 mmol/mol) [13].

Laboratory variables included alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), 
γ-glutamyltranspeptidase (GGT), total bilirubin(TBIL), 
glycated hemoglobin(HbA1c), total cholesterol, high den-
sity lipoprotein (HDL) and cholesterol. Laboratory meth-
ods for measurements of these values were reported in 
detail elsewhere [13, 14].

Antidepressant exposure and liver fibrosis assessment
During the in-home questionnaire, trained interviewers 
reviewed participants’ pill bottles for prescription and 
nonprescription medications and supplements reported 
to have been taken in the previous month [15]. Selective 
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serotonin reuptake inhibitors (SSRIs) included escit-
alopram, fluoxetine, citalopram, fluvoxamine, sertraline, 
paroxetine, and duloxetine. Tricyclic antidepressant 
(TCA) prescriptions included amoxapine, amitriptyline, 
protriptyline, nortriptyline, imipramine, desipramine, 
doxepin, and trimipramine. Serotonin and norepineph-
rine reuptake inhibitors (SNRIs) included duloxetine 
and venlafaxine. Serotonin antagonists and reuptake 
inhibitors (SARIs) included trazodone and buspirone. 
Other antidepressants included mirtazapine and bupro-
pion. The interviews, data collection and data processing 
methods were performed under the NHANES protocol.

Vibration controlled transient elastography(VCTE) 
was used and validated in some previous studies con-
cerning liver fibrosis assessment in participants with 
nonalcoholic fatty liver disease. The detailed meth-
ods and steps of VCTE have been reported elsewhere 
[16, 17]. In our present study, we only included partici-
pants with complete VCTE assessment, which has been 
reported elsewhere [13]. For our analysis, we defined 
liver stiffness measurement(LSM) values of 8.0  kPa [18, 
19] or higher and 13.1  kPa [19] as significant fibrosis 
(≥ F2) and cirrhosis (≥ F4) according to previous stud-
ies. Moreover, participants who had controlled attenua-
tion parameter(CAP) values of 274  dB/m or higher and 
302  dB/m were considered to have steatosis (≥ S1) and 
severe steatosis (≥ S3) [13].

Statistical analysis
The PASS software (version 11) was used to calculate 
sample size. As a cross-sectional study, the overall preva-
lence of depression among diabetic patients was approxi-
mately 20% in previous studies [9]. Therefore, 20% was 
set as the estimated prevalence of depression among 
diabetic patients. The allowable error of the overall esti-
mated proportion was set as 0.03. The significance level 
was set at 0.05, and a two-sided interval was used. Based 
on PASS software, the sample size was calculated as 715, 
which is lower than that in our study [20].

All analyses were conducted by R software(4.1.1). Due 
to the complex design of the NHANES survey, we fol-
lowed the recommendations of the NHANES and a two-
year-cycle weights were appropriately used in our study 
for each analysis. Categorical variables are expressed as 
numbers and weighted proportions. Continuous vari-
ables are presented as weighted means ± standard error 
(SE).

All enrolled participants were separated into two 
groups: antidepressant use group and no-antidepres-
sant use group. The characteristics between two groups 
were compared by sample weighted linear regres-
sion for continuous variables and the design-adjusted 
Rao-Scott chi-square test for categorical variables. To 

further examine the association between antidepressant 
exposure and liver fibrosis, we applied two weighted 
multivariable linear regression analyses. In Model 1,we 
only adjusted for covariates including age, sex and race. 
In Model 2, we further adjusted Model 1 plus BMI and 
laboratory variables including ALT, AST, GGT, triglyc-
erides and HbA1c. The relationship between antide-
pressant use and liver steatosis was also examined using 
the two models. A two-tailed P value < 0.05 was consid-
ered statistically significant.

Results
Baseline characteristics of the study population
A total of 5533 individuals aged over 18  years with 
complete MEC visits during interviews in the2017-
2018 NHANES cycle were identified as initial samples. 
Then we excluded participants without diabetes or type 
1 diabetes and viral hepatitis and significant alcohol 
intake as previously described. Finally, we enrolled par-
ticipants with complete VCTE data, leading to a popu-
lation of 754 patients as our final study population. The 
flow chart of our study is shown in Fig. 1.

Our study population comprised of 340 women 
and 414 men, of whom 87 women (61.3%) and 55 
(38.7%) men received antidepressants. A significantly 
higher BMI was observed in the antidepressant use 
group (33.6 ± 7.4 vs. 31.8 ± 7.5). In our study, 14.5% 
of patients were lean (BMI < 25  kg/m2), 29.7% were 
overweight (BMI 25–29.9  kg/m2) and 55.8% were 
obese (BMI ≥ 30  kg/m2). Women more frequently 
received antidepressants than men. The most com-
monly used antidepressants were SSNIs (48.6%), SNRIs 
(22.5%) and TCAs (12.7%), followed by SARIs (10.6%) 
and other antidepressants (5.6%). A total of 165 par-
ticipants had significant liver fibrosis by VCTE for an 
overall weighted prevalence of 24% (95% CI 19.2–29.5). 
Moreover, 510 patients had evidence of liver steatosis 
by VCTE with an overall weighted prevalence of 75.4% 
(95% CI 69.2–80.7).

We compared the clinical and laboratory variables 
between the antidepressant use group and the non-anti-
depressant use group in Table 1. There was no significant 
in age between the two groups, and non-Hispanic White 
patients tended to received more antidepressants.

Some liver function markers, including ALT, AST and 
TBIL, were significantly lower in the antidepressant use 
group. However, no significant differences were observed 
in CAP and LSM between the two groups. Interestingly, 
lipid parameters including LDL, total cholesterol and tri-
glycerides, were significantly lower in the antidepressant 
use group, whereas HDL cholesterol was not significantly 
different between the two groups.
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Liver fibrosis and steatosis
To examine the association between liver fibrosis and 
antidepressant use, we then conducted sample weighted 
multivariable logistic regression models (Table  2). We 
also identified factors related to steatosis by above mod-
els (Table 3).

After adjusting for confounding factors, no significant 
association was observed between antidepressant use 
and significant liver fibrosis (OR: 0.53; 95% CI: 0.2–1.58) 
or cirrhosis (OR: 0.49; 95% CI: 0.07–2.41). In the analysis, 
we also identified that BMI was significantly associated 
with significant fibrosis (OR: 1.14; 95% CI: 1.1–1.18) or 
cirrhosis (OR: 1.17; 95% CI: 1.08–1.26). Higher triglyc-
eride was also associated with fibrosis (OR: 1.02, 95% 
CI: 1.01–1.04) but not with cirrhosis (OR: 0.99, 95% CI: 
0.99–1.00). Non-Hispanic black individuals were pro-
tected from liver fibrosis (OR: 0.63; 95% CI: 0.53–0.91) 
but not in cirrhosis (OR: 1.44; 95% CI: 0.99–1.99). 
Detailed regression results are displayed in Table 2.

Considering the severity of hepatic steatosis, BMI 
and HbA1c were independent risk factors or any stea-
tosis (OR: 1.15, 95% CI: 1.07–1.22; OR: 1.21, 95% CI: 

1.05–1.49, respectively) but were not associated with 
severe steatosis(OR: 1.11, 95% CI: 1.00–1.12; OR: 1.27, 
95% CI: 0.99–1.51, respectively) (Table  3). Moreover, 
non-Hispanic black individuals were protected from ste-
atosis (OR: 0.51; 95% CI: 0.07–0.89) but were not associ-
ated with severe steatosis(OR: 0.49; 95% CI: 0.17–2.89). 
Similarly, we found no significant association between 
antidepressant use and liver steatosis(OR: 0.87; 95% CI: 
0.39–1.55). Other regression results are shown in Table 3.

Disscussion
In the present study, we enrolled 754 patients and found 
that after adjusting for confounding factors, antidepres-
sant use was not statistically associated with liver fibrosis 
and steatosis among patients with T2DM. In our study, 
we included several main types of antidepressant medica-
tions, such as SSNIs, SNRIs, and TCAs. Considering the 
increasing incidence of depression disorders in T2DM 
patients, our study improves the understanding of the 
association between antidepressant drugs and liver fibro-
sis in patients with type 2 diabetes.

Fig. 1  The flow chart of our study
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Table 1  Features of the study population according to current antidepressant use

BMI body mass index, ALT alanine transaminase, AST aspartate transaminase, GGT​ gamma-glutamyl transpeptidase, HDL high density lipoprotein, LDL low density 
lipoprotein, HbA1c glycosylated hemoglobin, LSM liver stiffness measurement, CAP controlled attenuation parameter;

Non-antidepressant use Antidepressant use P-value

N 612 142

Age(years) 61.9 ± 13.0 61.5 ± 13.4 0.806

Male(%) 359 (58.7%) 55 (38.7%)  < 0.001

Race/ethnicity (%)  < 0.001

 Non-Hispanic white 171 (27.9%) 69 (48.6%)

 Non-Hispanic Black 135 (22.1%) 34 (23.9%)

 Mexican American 102 (16.7%) 11 (7.7%)

 other 204 (33.3%) 28 (19.7%)

BMI(kg/m2) 31.8 ± 7.5 33.6 ± 7.4 0.003

Waist circumference (cm) 107.9 ± 16.2 111.4 ± 15.5 0.02

Laboratory variables

 ALT(IU/L) 24.5 ± 17.5 19.2 ± 9.9  < 0.001

 AST(IU/L) 22.6 ± 14.2 19.7 ± 8.0 0.009

 Albumin(g/L) 40.1 ± 3.1 38.7 ± 4.0  < 0.001

 GGT(IU/L) 39.9 ± 48.4 34.7 ± 46.4 0.015

 HDL(mg/dL) 48.7 ± 13.6 49.0 ± 14.6 0.965

 LDL(mg/dl) 2.87 ± 0.04 2.73 ± 0.06 0.05

Total cholesterol (mg/dL) 179.4 ± 45.0 172.4 ± 45.8 0.019

Triglycerides (mg/dL) 135.0 ± 116.3 174.6 ± 178.2 0.032

HbA1c (%) 7.2 ± 1.6 7.1 ± 1.4 0.271

LSM(kPa) 7.2 ± 5.9 7.5 ± 9.0 0.391

CAP(dB/m) 302.1 ± 55.9 304.3 ± 55.7 0.752

Fibrosis≧2 139 (22.7%) 26 (18.3%) 0.253

Fibrosis≧4 43 (7.0%) 8 (5.6%) 0.552

Steatosis≧1 411 (67.2%) 99 (69.7%) 0.557

Steatosis≧3 315 (51.5%) 73 (51.4%) 0.989

Table 2  Association of antidepressant with risk of significant fibrosis or cirrhosis by weighted regression

BMI body mass index, ALT alanine transaminase, AST aspartate transaminase, GGT​ gamma-glutamyl transpeptidase, LDL low density lipoprotein, HbA1c glycosylated 
hemoglobin

Variables Significant fibrosis (≥ F2) Cirrhosis (F4)

OR 95%CI P-value OR 95%CI P-value

Sex 1.3 0.27–6.35 0.64 1.29 0.38–4.98 0.79

Age 1.01 0.99–1.04 0.34 1.01 0.98–1.05 0.68

Race - - - - - -

Non-Hispanic white Ref - - Ref -

Non-Hispanic Black 0.63 0.53–0.91 0.03 1.44 0.99–1.99 0.25

Mexican American 1.82 0.87–3.80 0.11 1.55 0.75–3.20 0.23

Other 1.95 0.21–3.13 0.19 1.75 0.98–2.77 0.2

BMI 1.14 1.1–1.18 0.001 1.17 1.08–1.26 0.01

ALT 0.99 0.94–1.04 0.99 0.87 0.79–1.96 0.21

AST 1.2 1.01–1.03 0.03 1.01 1.01–1.02 0.05

GGT​ 1.01 1.00–1.03 0.1 1.01 1.00–1.01 0.09

HbA1c 1.1 0.97–1.24 0.20 1.09 0.91–1.38 0.5

Triglycerides 1.02 1.01–1.04 0.04 0.99 0.99–1.00 0.99

LDL 1.08 0.73–1.6 0.68 0.98 0.96–1.01 0.19

Antidepressant use 0.53 0.2–1.58 0.31 0.49 0.07–2.41 0.51
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Patients with T2DM have long been plagued with 
NAFLD and mental disorders according to data from 
the famous INTERPRET-DD study [1]. In that interna-
tional and multicenter analysis, the researchers found 
that 10.6% of diabetic patients were diagnosed with 
current major depressive disorder, and 17% of dia-
betic patients reported moderate/severe depressive 
symptomatology. Thus, mental disorders are prevalent 
among diabetic patients. On the other hand, NAFLD 
has also been a huge burden on public health and 
affects most individuals with T2DM. Moreover, the 
incidence of NAFLD-induced liver fibrosis is increas-
ing, which may have a negative impact on the health of 
patients with T2DM, which may have different impacts 
in different sexes, and public health systems [21–23]. To 
date, we have no effective drug therapies for NAFLD-
induced liver fibrosis.

To date, only a few drugs have been explored and val-
idated in slowing the progression of liver fibrosis. It has 
been reported that statins may play an important role 
in slowing the progression of liver fibrosis in patients 
with T2DM because statins can reduce hepatic expres-
sion of tumor necrosis factor-α (TNF-α), interleukin 6 
(IL-6) and transforming growth factor-β (TGF-β) [13]. 
However a previous study also showed that statins 
were not associated with the progression of nonalco-
holic fatty liver disease [24]. Aspirin was also found to 
have some effect on decreasing aspartate aminotrans-
ferase platelet ratio index(APRI) scores in patients with 
chronic liver disease. However, the association between 

antidepressant use and liver fibrosis in patients with 
T2DM has been unexplored until now.

In our present study, we included SSRIs, TCAs and 
SNRIs, which are the main types of prescriptions for 
patients with depressive disorder. Previous studies have 
reported that TCAs may play an antifibrotic role in liver 
disease, and may exert their antifibrotic effect in hepatic 
stellate cells through inhibition of the sphingomyelinase 
pathway [25]. Moreover, TCAs reduced NAFLD-induced 
hepatic steatosis, suggesting that TCAs may reduce NASH 
by regulating endoplasmic reticulum (ER) stress, lysosomal 
membrane permeabilization, and autophagy [26]. How-
ever, some recent evidence has suggested that TCAs are 
associated with increased weight gain and insulin resist-
ance among patients with depression [27, 28]. The complex 
relationship between TCAs, T2DM and NAFLD should be 
noted. On the other hand, there is an increasing evidence 
that long-term SSRI use is associated with an increasing 
incidence of hepatic lipid accumulation [29]. The poten-
tial mechanisms are not fully understood. Some emerg-
ing evidence suggests that serotonin production, which 
can act via the 2A serotonin receptor (HTR2A) to upreg-
ulate the expression of lipogenic proteins and increase 
hepatic steatosis, in the periphery may be instrumental to 
the pathophysiology of NAFLD [30, 31]. SSRIs including 
fluoxetine have been shown to increase serotonin synthe-
sis in previous studies [29]. In our present study, 18.8% of 
diabetic patients received antidepressant drugs, which 
mainly included SSRIs, TCAs and SNRIs. We found that 

Table 3  Association of antidepressant with risk of any or severe steatosis by weighted regression

BMI body mass index, ALT alanine transaminase, AST aspartate transaminase, GGT​ gamma-glutamyl transpeptidase, LDL low density lipoprotein, HbA1c glycosylated 
hemoglobin;

Variables Any steatosis (≥ S1) Severe steatosis (S3)

OR 95%CI P-value OR 95%CI P-value

Sex 1.51 0.88–2.36 0.29 1.81 1.03–3.01 0.04

Age 1.02 0.99–1.05 0.25 1.01 0.99–1.15 0.59

Race – – – – – –

Non-Hispanic white Ref – – Ref – –

Non-Hispanic Black 0.51 0.07–0.89 0.04 0.49 0.17–2.89 0.1

Mexican American 1.54 0.78–3.05 0.21 1.87 0.65–3.0 0.33

Other 1.77 1.0–2.82 0.61 1.58 0.77–2.98 0.79

BMI 1.15 1.07–1.22 0.01 1.11 1.00–1.20 0.06

ALT 1.02 1.01–1.04 0.03 1.03 1.01–1.08 0.05

AST 0.96 0.89–1.0 0.12 0.99 0.99–1.03 0.61

GGT​ 1.0 0.99–1.01 0.77 1.0 0.99–1.00 0.38

HbA1c 1.21 1.05–1.49 0.03 1.27 0.99–1.51 0.32

Triglycerides 1.01 1.0–1.02  < 0.001 1.01 1.0–1.02  < 0.001

LDL 0.87 0.71–1.07 0.18 0.81 0.71–1.11 0.19

Antidepressant use 0.79 0.41–1.84 0.39 0.87 0.39–1.55 0.59
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antidepressant drugs were not associated with the degree 
of hepatic fibrosis on liver biopsy, but also on VCTE.

Our study has several strengths and limitations. To our 
knowledge, our study was the first to assess the association 
between antidepressant use and VCTE-based liver fibrosis 
in patients with type 2 diabetes. Moreover, we had a large 
sample size and decided to include both sexes and all age 
groups. However, as an observational and cross-sectional 
study design, our study also has several limitations. First, 
as a cross-sectional analysis, temporal trends of antidepres-
sant use and liver fibrosis cannot be extrapolated. Second, 
in the database, we do not have data concerning the dura-
tion of antidepressant use, and prospective studies should 
be conducted in the future to examine the association of 
liver fibrosis and antidepressant use.

Conclusion
In conclusion, in this cross-sectional study, we found 
that antidepressant drugs were not associated with liver 
fibrosis or cirrhosis in patients with type 2 diabetes in a 
nationwide population. Further prospective studies or 
RCTs should be conducted to validate this finding.

Author contributions
LS: study design; critical revision of the manuscript for important intellectual 
content; manuscript writing; final approval of manuscript. E-mail: linshi_
xuzhou@outlook.com. FJ: study design; critical revision of the manuscript for 
important intellectual content; study supervision; manuscript writing; final 
approval of manuscript. E-mail: nyjfy@126.com. The author read and approved 
the final manuscript.

Funding
This article has no fund support.

Availability of data and materials
All the data are available in NHAHES database.

Declarations

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. Informed consent was 
obtained from all individual participants included in the study.

Competing interests
The authors have no conflicts of interest to declare.

Author details
1 Department of Gastroenterology, Xuzhou Central Hospital, Xuzhou Clinical 
School of Xuzhou Medical University, Xuzhou, Jiangsu, China. 

Received: 12 January 2023   Accepted: 4 March 2023

References
	1.	 Lloyd CE, Nouwen A, Sartorius N, Ahmed HU, Alvarez A, Bahendeka S, 

Basangwa D, Bobrov AE, Boden S, Bulgari V, Burti L, Chaturvedi SK, Cimino 

LC, Gaebel W, de Girolamo G, Gondek TM, de Braude MG, Guntupalli A, 
Heinze MG, Ji L, Hong X, Khan A, Kiejna A, Kokoszka A, Kamala T, Lalic NM, 
Lecic Tosevski D, Mankovsky B, Li M, Musau A, Mussig K, Ndetei D, Rab-
bani G, Srikanta SS, Starostina EG, Shevchuk M, Taj R, Vukovic O, Wolwer 
W, Xin Y. Prevalence and correlates of depressive disorders in people with 
Type 2 diabetes: results from the International Prevalence and Treatment 
of Diabetes and Depression (INTERPRET-DD) study, a collaborative study 
carried out in 14 countries. Diabet Med. 2018;35(6):760–9. https://​doi.​org/​
10.​1111/​dme.​13611.

	2.	 Lloyd CE, Sartorius N, Ahmed HU, Alvarez A, Bahendeka S, Bobrov AE, 
Burti L, Chaturvedi SK, Gaebel W, de Girolamo G, Gondek TM, Guinz-
bourg M, Heinze MG, Khan A, Kiejna A, Kokoszka A, Kamala T, Lalic NM, 
Lecic-Tosevski D, Mannucci E, Mankovsky B, Mussig K, Mutiso V, Ndetei 
D, Nouwen A, Rabbani G, Srikanta SS, Starostina EG, Shevchuk M, Taj R, 
Valentini U, van Dam K, Vukovic O, Wolwer W. Factors associated with the 
onset of major depressive disorder in adults with type 2 diabetes living in 
12 different countries: results from the INTERPRET-DD prospective study. 
Epidemiol Psychiatr Sci. 2020;29:e134. https://​doi.​org/​10.​1017/​S2045​
79602​00004​38.

	3.	 Nouwen A, Adriaanse M, van Dam K, Iversen M, Viechtbauer W, Peyrot M, 
Caramlau I, Kokoszka A, Kanc K, de Groot M, Nefs G, Pouwer F. Longi-
tudinal associations between depression and diabetes complications: 
a systematic review and meta-analysis. Diabet Med J Br Diabet Assoc. 
2019;36(12):1562–72. https://​doi.​org/​10.​1111/​dme.​14054.

	4.	 Novak M, Mucsi I, Rhee C, Streja E, Lu J, Kalantar-Zadeh K, Molnar M, 
Kovesdy C. Increased risk of incident chronic kidney disease, cardiovas-
cular disease, and mortality in patients with diabetes with comorbid 
depression. Diabetes Care. 2016;39(11):1940–7. https://​doi.​org/​10.​2337/​
dc16-​0048.

	5.	 Younossi Z, Golabi P, de Avila L, Paik J, Srishord M, Fukui N, Qiu Y, Burns 
L, Afendy A, Nader F. The global epidemiology of NAFLD and NASH in 
patients with type 2 diabetes: a systematic review and meta-analysis. J 
Hepatol. 2019;71(4):793–801. https://​doi.​org/​10.​1016/j.​jhep.​2019.​06.​021.

	6.	 Ciardullo S, Monti T, Perseghin G. High prevalence of advanced liver 
fibrosis assessed by transient elastography among U.S. adults with Type 
2 diabetes. Diabetes Care. 2021;44(2):519–25. https://​doi.​org/​10.​2337/​
dc20-​1778.

	7.	 Kim D, Yoo E, Li A, Tighe S, Cholankeril G, Harrison S, Ahmed A. Depres-
sion is associated with non-alcoholic fatty liver disease among adults in 
the United States. Aliment Pharmacol Ther. 2019;50(5):590–8. https://​doi.​
org/​10.​1111/​apt.​15395.

	8.	 Mommersteeg P, Herr R, Pouwer F, Holt R, Loerbroks A. The association 
between diabetes and an episode of depressive symptoms in the 2002 
World Health Survey: an analysis of 231,797 individuals from 47 countries. 
Diabet Med J Br Diabet Assoc. 2013;30(6):e208-214. https://​doi.​org/​10.​
1111/​dme.​12193.

	9.	 Wang Y, Liu D, Li X, Liu Y, Wu Y. Antidepressants use and the risk of type 2 
diabetes mellitus: a systematic review and meta-analysis. J Affect Disord. 
2021;287:41–53. https://​doi.​org/​10.​1016/j.​jad.​2021.​03.​023.

	10.	 Azevedo Da Silva M, Fournier A, Boutron-Ruault MC, Balkau B, Bonnet 
F, Nabi H, Fagherazzi G. Increased risk of type 2 diabetes in antidepres-
sant users: evidence from a 6-year longitudinal study in the E3N cohort. 
Diabet Med. 2020;37(11):1866–73. https://​doi.​org/​10.​1111/​dme.​14345.

	11.	 Chen JY, Ren Y, Yan P, Belina ME, Chung RT, Butt AA. Tricyclic antidepres-
sant use and the risk of fibrosis progression in hepatitis C-infected 
persons: results from ERCHIVES. J Viral Hepat. 2018;25(7):825–33. https://​
doi.​org/​10.​1111/​jvh.​12884.

	12.	 Shaheen AA, Kaplan GG, Sharkey KA, Lethebe BC, Swain MG. Impact of 
major depression and antidepressant use on alcoholic and non-alcoholic 
fatty liver disease: a population-based study. Liver Int. 2021;41(10):2308–
17. https://​doi.​org/​10.​1111/​liv.​14973.

	13.	 Ciardullo S, Perseghin G. Statin use is associated with lower prevalence of 
advanced liver fibrosis in patients with type 2 diabetes. Metabolism. 2021. 
https://​doi.​org/​10.​1016/j.​metab​ol.​2021.​154752.

	14.	 Zou B, Yeo YH, Nguyen VH, Cheung R, Ingelsson E, Nguyen MH. 
Prevalence, characteristics and mortality outcomes of obese, non-
obese and lean NAFLD in the United States, 1999–2016. J Intern Med. 
2020;288(1):139–51. https://​doi.​org/​10.​1111/​joim.​13069.

	15.	 Fong P, Wang QT. Protective effect of oral contraceptive against Helico-
bacter pylori infection in US adult females: NHANES 1999–2000. Epide-
miol Infect. 2021;149:e120. https://​doi.​org/​10.​1017/​S0950​26882​10009​23.

https://doi.org/10.1111/dme.13611
https://doi.org/10.1111/dme.13611
https://doi.org/10.1017/S2045796020000438
https://doi.org/10.1017/S2045796020000438
https://doi.org/10.1111/dme.14054
https://doi.org/10.2337/dc16-0048
https://doi.org/10.2337/dc16-0048
https://doi.org/10.1016/j.jhep.2019.06.021
https://doi.org/10.2337/dc20-1778
https://doi.org/10.2337/dc20-1778
https://doi.org/10.1111/apt.15395
https://doi.org/10.1111/apt.15395
https://doi.org/10.1111/dme.12193
https://doi.org/10.1111/dme.12193
https://doi.org/10.1016/j.jad.2021.03.023
https://doi.org/10.1111/dme.14345
https://doi.org/10.1111/jvh.12884
https://doi.org/10.1111/jvh.12884
https://doi.org/10.1111/liv.14973
https://doi.org/10.1016/j.metabol.2021.154752
https://doi.org/10.1111/joim.13069
https://doi.org/10.1017/S0950268821000923


Page 8 of 8Shi and Jia ﻿Diabetology & Metabolic Syndrome           (2023) 15:45 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	16.	 Kim D, Konyn P, Cholankeril G, Ahmed A. Physical activity is associated 
with nonalcoholic fatty liver disease and significant fibrosis measured by 
FibroScan. Clin Gastroenterol Hepatol. 2021. https://​doi.​org/​10.​1016/j.​
cgh.​2021.​06.​029.

	17.	 Niezen S, Mehta M, Jiang ZG, Tapper EB. Coffee consumption is associ-
ated with lower liver stiffness: a nationally representative study. Clin 
Gastroenterol Hepatol. 2021. https://​doi.​org/​10.​1016/j.​cgh.​2021.​09.​042.

	18.	 Abeysekera K, Fernandes G, Hammerton G, Portal A, Gordon F, Heron J, 
Hickman M. Prevalence of steatosis and fibrosis in young adults in the UK: 
a population-based study. Lancet Gastroenterol Hepatol. 2020;5(3):295–
305. https://​doi.​org/​10.​1016/​s2468-​1253(19)​30419-4.

	19.	 Eddowes P, Sasso M, Allison M, Tsochatzis E, Anstee Q, Sheridan D, Guha 
I, Cobbold J, Deeks J, Paradis V, Bedossa P, Newsome P. Accuracy of Fibro-
Scan controlled attenuation parameter and liver stiffness measurement 
in assessing steatosis and fibrosis in patients with nonalcoholic fatty liver 
disease. Gastroenterology. 2019;156(6):1717–30. https://​doi.​org/​10.​1053/j.​
gastro.​2019.​01.​042.

	20.	 Julious SA (2005) Two-sided confidence intervals for the single propor-
tion: comparison of seven methods by Robert G. Newcombe, Statistics in 
Medicine 1998; 17:857-872. Stat Med 24 (21):3383-3384. doi:https://​doi.​
org/​10.​1002/​sim.​2164

	21.	 Taylor R, Taylor R, Bayliss S, Hagström H, Nasr P, Schattenberg J, Ishigami 
M, Toyoda H, Wai-Sun Wong V, Peleg N, Shlomai A, Sebastiani G, Seko 
Y, Bhala N, Younossi Z, Anstee Q, McPherson S, Newsome P. Association 
between fibrosis stage and outcomes of patients with nonalcoholic fatty 
liver disease: a systematic review and meta-analysis. Gastroenterology. 
2020;158(6):1611-1625.e1612. https://​doi.​org/​10.​1053/j.​gastro.​2020.​01.​
043.

	22.	 Ciardullo S, Oltolini A, Cannistraci R, Muraca E, Perseghin G. Sex-related 
association of nonalcoholic fatty liver disease and liver fibrosis with 
body fat distribution in the general US population. Am J Clin Nutr. 
2022;115(6):1528–34. https://​doi.​org/​10.​1093/​ajcn/​nqac0​59.

	23.	 Ciardullo S, Muraca E, Zerbini F, Manzoni G, Perseghin G. NAFLD and liver 
fibrosis are not associated with reduced femoral bone mineral density in 
the general US population. J Clin Endocrinol Metab. 2021;106(8):e2856–
65. https://​doi.​org/​10.​1210/​clinem/​dgab2​62.

	24.	 Oni E, Sinha P, Karim A, Martin S, Blaha M, Agatston A, Blumenthal R, 
Meneghelo R, Conceiçao R, Santos R, Nasir K. Statin use is not associated 
with presence of and severity of nonalcoholic fatty liver disease. Arch 
Med Res. 2014;45(1):52–7. https://​doi.​org/​10.​1016/j.​arcmed.​2013.​12.​003.

	25.	 Quillin R, Wilson G, Nojima H, Freeman C, Wang J, Schuster R, Blanchard J, 
Edwards M, Gandhi C, Gulbins E, Lentsch A. Inhibition of acidic sphingo-
myelinase reduces established hepatic fibrosis in mice. Hepatol Res Offl J 
Jpn Soc Hepatol. 2015;45(3):305–14. https://​doi.​org/​10.​1111/​hepr.​12352.

	26.	 Fucho R, Martínez L, Baulies A, Torres S, Tarrats N, Fernandez A, Ribas V, 
Astudillo A, Balsinde J, Garcia-Rovés P, Elena M, Bergheim I, Lotersztajn 
S, Trautwein C, Appelqvist H, Paton A, Paton J, Czaja M, Kaplowitz N, 
Fernandez-Checa J, Garcéa-Ruiz C. ASMase regulates autophagy and 
lysosomal membrane permeabilization and its inhibition prevents early 
stage non-alcoholic steatohepatitis. J Hepatol. 2014;61(5):1126–34. 
https://​doi.​org/​10.​1016/j.​jhep.​2014.​06.​009.

	27.	 Kivimäki M, Hamer M, Batty G, Geddes J, Tabak A, Pentti J, Virtanen M, 
Vahtera J. Antidepressant medication use, weight gain, and risk of type 2 
diabetes: a population-based study. Diabetes Care. 2010;33(12):2611–6. 
https://​doi.​org/​10.​2337/​dc10-​1187.

	28.	 Rudorfer M, Potter W. Metabolism of tricyclic antidepressants. Cell Mol 
Neurobiol. 1999;19(3):373–409. https://​doi.​org/​10.​1023/a:​10069​49816​036.

	29.	 Ayyash A, Holloway AC. Fluoxetine-induced hepatic lipid accumulation 
is linked to elevated serotonin production. Can J Physiol Pharmacol. 
2021;99(9):983–8. https://​doi.​org/​10.​1139/​cjpp-​2020-​0721.

	30.	 Wang L, Fan X, Han J, Cai M, Wang X, Wang Y, Shang J. viaGut-derived 
serotonin contributes to the progression of non-alcoholic steatohepatitis 
the liver HTR2A/PPARнЁ2 Pathway. Front Pharmacol. 2020;11:553. https://​
doi.​org/​10.​3389/​fphar.​2020.​00553.

	31.	 Xiong J, Yang H, Wu L, Shang W, Shan E, Liu W, Hu G, Xi T, Yang J. Fluox-
etine suppresses AMP-activated protein kinase signaling pathway to 
promote hepatic lipid accumulation in primary mouse hepatocytes. Int J 
Biochem Cell Biol. 2014;54:236–44. https://​doi.​org/​10.​1016/j.​biocel.​2014.​
07.​019.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.cgh.2021.06.029
https://doi.org/10.1016/j.cgh.2021.06.029
https://doi.org/10.1016/j.cgh.2021.09.042
https://doi.org/10.1016/s2468-1253(19)30419-4
https://doi.org/10.1053/j.gastro.2019.01.042
https://doi.org/10.1053/j.gastro.2019.01.042
https://doi.org/10.1002/sim.2164
https://doi.org/10.1002/sim.2164
https://doi.org/10.1053/j.gastro.2020.01.043
https://doi.org/10.1053/j.gastro.2020.01.043
https://doi.org/10.1093/ajcn/nqac059
https://doi.org/10.1210/clinem/dgab262
https://doi.org/10.1016/j.arcmed.2013.12.003
https://doi.org/10.1111/hepr.12352
https://doi.org/10.1016/j.jhep.2014.06.009
https://doi.org/10.2337/dc10-1187
https://doi.org/10.1023/a:1006949816036
https://doi.org/10.1139/cjpp-2020-0721
https://doi.org/10.3389/fphar.2020.00553
https://doi.org/10.3389/fphar.2020.00553
https://doi.org/10.1016/j.biocel.2014.07.019
https://doi.org/10.1016/j.biocel.2014.07.019

	Association between antidepressant use and liver fibrosis in patients with type 2 diabetes: a population based study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population
	Clinical and laboratory variables
	Antidepressant exposure and liver fibrosis assessment
	Statistical analysis

	Results
	Baseline characteristics of the study population
	Liver fibrosis and steatosis

	Disscussion
	Conclusion
	References


